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Here one of the pioneers in the science of radio-communication explains in simple but 
exact terms for the amateur in wireless work the theories that underlie the reception of 


messages sent on waves through the ether. 


importance to the theoretical articles in later 


He thus supplies an introduction of prime 


ages of our Encyclopedia, such as Electricity, 


Electrons, Waves, and many others, whic 


N setting out for the benefit of the 
gencral reader or amateur in wireless 
telephony the broad general principles 
and mode of operation of the appara- 

tus used for reception in wireless telephony 
and telegraphy, we shall assume that the 
elementary facts of electric science are 
familiar to him, or at least are expounded 
in another section of this Encyclopedia. 

It must also be taken for granted he is 
aware that from the transmitting or 
broadcasting station are sent out into all 
surrounding space operative agencies which 
are called electro-magnetic, or, shortly, 
electric waves. Into the nature of these 
waves we shall not here enter, as they are 
discussed in another section, except to 
say that they are produced by very 
powerful electric currents or motions of 
clectricity to and fro in a wire or collection 
of wires elevated into the air and called a 
transmitting aerial. These electric currents 
are repeated in the same direction in the 
aerial at intervals called the periodic time, 
and the number of such periods per second 
is called the frequency. These waves 
travel through space with the speed of 
light, viz., 300,000,000 metres or about 
186,500 miles per second. 


A Rule of Fundamental Importance 


HE wave advances through a distance 
called the wave-length in the periodic 
time, and hence the product of the wave- 
length reckoned in metres and the fre- 
quency must always be equal to 300 
million, which is the speed of the wave in 
metres per second. It is essential to bear 
this rule in mind in the adjustment of the 
receiving apparatus as below described. 
It must also be assumed that the reader 
knows that the agency we cail clectricity 
exists in extremely small units or particles, 
which are called electrons and protons. 
According to modern and present-day 
views the chemical atoms of which material 
objects are built up are cach composed of 


should be read in conjunction with ‘it 


a nucleus, which is itself a compact of 
protons or particles of positive electricity, 
and electrons, which are particles of 
negative clectricity, and around this 
nucleus are grouped and revolve a certain 
family of electrons, like planets revolving 
round the sun. In certain materials, such 
as copper and the metals generally, the 
atoms easily lose one or more of their 
electrons, and these free electrons move 
with high velocity and irregular motion 
between the atoms or from atom to atom 
of the solid mass. 
Electrons and Electric Currents 

iG these free electrons are caused to 

drift or move as a whole in one direc- 
tion in the metal, which we may suppose to 
be a copper wire, this constitutes an electric 
current, which is called a direct current 
(D.C.) when the electrons move steadily in 
one direction, and an alternating current 
(A.C.) if they move alternately backwards 
and forwards, and a high-frequency 
(H.F.) current or electric oscillation if the 
electrons jump backwards and forwards 
very rapidly. 

Materials in which the free electrons 
can so move are called good conductors. 
On the other hand, in materials such 
as glass, cbonite, mica, or paper, called 
insulators, there are very few free elec- 
trons ; but certain electrons in the atom 
can be displaced from thcir positions and 
spring back when the displacing force is 
withdrawn. This is called an electric 
strain or displacement in the insulator. 
With the aid of the above physical 
ideas we can next attempt to make plain 
the actions taking place in various parts 
of the receiving apparatus. 

But before considering the apparatus as 
a whole, it will be best to explain the 
functions of certain clements of it which 
enter into the construction of reccivers. 

One of these is called a condenser. It 
consists, in simplest form, of a pair of metal 


xi 


plates separated by a layer of insulator, 
such as ecbonite, glass, mica, or even air. 

The familiar Leyden jar is an example of 
a condenser, and in wireless apparatus 
the condenser generally takes the form of 
a number of semicircular metal plates 
fixed apart at regular intervals to a metal 
frame, and of an axis with similar plates 
threaded on it, so that by rotating the 
axis, more or Jess, the plates fixed to it 
can be sandwiched in between the fixed 
plates in such fashion as to alter the area 
of metal plates opposed to each other. 

All the plates on the frame form one 
“ coating ” of the condenser, and all those 
on the axis the other, whilst the layer of 
air between is the insulator. In diagrams 
of wireless apparatus a condenser is con- 
ventionally denoted by a pair of parallel 
thick black lines; and if it is a variable 
capacity condenser an arrow is drawn 
across it, as shown in Fig. I. 


CONVENTIONAL SIGN FOR A CONDENSER 
Fig. 1. The thick black lines are supposed to 
denote two metal plates separated by an insu- 
lator and the arrow that the plates can be varied 

as regards the area of opposed surface 


Any two metal or conducting surfaces 
separated by an insulator, such as the air, 
form a condenser of a certain type. The 
function or use of a condenser is to store 
up energy in the form of electric strain or 
displacement in the dielectric. It possesses 
acertain capacity, which means that under 
a unit electric pressure the plates are 
capable of taking a certain charge of 
electrons or deficit of electrons. Thus, if 
we apply the poles of a battery of dry 
cells—which is, in fact, a sort of electron 
pump delivering electrons at its negative 
pole and absorbing or taking them in at 
its positive pole—to the plates of a con- 
denser, then one plate acquires an excess 
of electrons and the other a deficit. In 
the intermediate insulator the electrons 
are displaced. (See Fig. 2.) 

Suppose we then remove the battery 
and connect the plates of the condenser 


by a metallic wire. The result is that the are like stretched springs, and 
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excess of electrons on one plate work their 
way through the wire to supply the deficit 
in the other plate, and the strained or 
displaced electrons in the insulator come 
back to their original positions. 

This movement of electrons in the wire 
is called the discharge current of the 
condenser. If the connecting wire of the 
discharge circuit is rather short and thick, 
and if it is also coiled into a spiral, then 
the discharge current does not consist 
simply in a movement of electrons in 
one direction, but of a rush backwards 
and forwards, gradually dying away and 
forming a train of electric oscillations. 

The reason is as follows: An electron 
possesses mass or inertia. This is only 
another way of saying that when in 
motion it has a store of energy due to 
this motion. Hence, it takes time to 
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HOW A CONDENSER IS CHARGED. 


Fig. 2. Conventicnal representation of a con- 
denser being charged by a battery, B. The plate M 
acquires an excess of electrons and the plate N a 
deficit, whilst in the insulator plate, I, the elec- 
trons are displaced against an elastic resistance 


start it in motion and, when in motion, 
it cannot be stopped instantly. Then, 
again, the clectrons in the insulator 
which are displaced when the condenser 
is charged are being pulled back to their 
original positions; when displaced, they 
when 
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released from constraint fly back. Jf, 
then, we discharge the condenser through 
a wire of small electrical resistance, the 
rush of electrons which takes place at the 
first movement goes too far, and the 


g --result is not merely to remove the excess 


of electrons from the plate, A, but to 
remove too many, and leave the plate 
positively clectrified. Then a smaller 
rush of electrons takes place in the 
opposite direction, and the electrical 
equilibrium of the two condenser plates 
is only established after a series of to-and- 
fro movements of electrons in the wire 
called electric oscillations. These are, 
in fact, feeble alternating electric currents, 
We may illustrate the action by a 
mechanical model. Suppose we attach 
one end of a spiral steel spring to a fixed 
point and hang a heavy weight on the 
other end. (Sec Fig 3) This sys'2m 
, possesses mass or 


inertia in the 
heavy weight 
and: elastic ex- 
tensibility in the 
spring. If we 
pull the weight 


down and then 
let it go it will 
-bob un and down 
a certain number 
of times in a 
minute. The 
time-—say in 
fractions of a 
second—between 


two consecutive 

i upward move- 

Fig. 3. Mechanical analogy ments is called 
A nts ; 


of electric oscillations. 
weight, W, is suspended by 
a spiral spring,S,which can 
be set in periodic vibration 


the natural ~peri- 
odic time, and 
the number of 
complete periods 
per second is called the frequency of the 
oscillations. The frequency is greater 
the stiffer the spring. It is also greater 
the less the mass. Hence, it depends on 
two factors, and the periodic time is 
proportional not merely to the product 
of the mass and extensibilty of the 
spring, but to the square rcot of that 
product. 

It will be clear, then, that we might 
construct two such spring bobs which, 


when displaced, would bob up and down 


at the same rate, or have the same fre- 
quency. This could be done by inaking 
one bob much heavier than the other, 
but suspending the heavier bob by a 
proportionately stiffer or more elastic 
spiral spring. Two systems capable of 
vibration which have equal periodic 
times are said to be in tune with each 
other. 

One other point of great importance 
must be noted with respect to such a 
spring bob. If we were to give the 
suspended weight a little feeble blow, say, 
with a feather, it would have very little 
effect in starting the oscillations of the 
bob. If, however, we repeat these feeble 
blows at intervals exactly equal to the 
natura’ time period of oscillation of the 
systcm, the effect will be cumulative, and 
we shall soon create vibrations of great 
extent in the suspended mass. We can 
illustrate this same effect by standing on 
a plank supported at the two ends and 
gently jumping up and down on it. If 
we time our jumps “in tune” with the 
natural period of oscillation of the plank 
we shall soon produce very great, and, 
perhaps, dangerous, deflections or bending 
in the plank 


Condenser Action Simply Illustrated 


q[ HESE facts with regard to a heavy bob 

or Mass suspended by an elastic ex- 
tensible spring have their exact analogues 
in the case of electric circuits which com- 
prise a condenser whose plates are con- 
nected by a conducting wire. The capacity 
of the condcnser corresponds to the elastic 
extensibility of the spring, and the mass 
of the bob to the electric inertia or in- 
ductanee, as it is called, of the wire in 
which the electrons can move. When the 
electrons in the insulator of the condenser 
are displaced and then released they rush 
to and fro at a certain rate, determined by 
the capacity of the condenser and the 
inductance of the wire. 

The time period depends on the pro- 
duct of the capacity of the condenser and 
the inductance of the discharge wire, and 
hence two circuits can be constructed 
“in tune” with cach other, one having 
a larger capacity and a lesser inductance 
than the other, 

We have used in the above paragraph 
the term ieducfance, and it is important 
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at this stage that the reader should have a 
clear idea of the meaning of this term. 
We have said that electrons possess 
mass or inertia and cannot be started 
into motion or stopped instantly. This 
property is partly dependent on the 
nature of the circuit in which the electron 
is moving. If it is in a wire coiled into a 
spiral, then the electric momentum of the 
current is greater than if the wire were 
laid straight out. Accordingly, a coil of 
insulated wire—say copper covered with 
enamel and wound on a cylinder-—is 
called an inductance coil. It corresponds, 
so to speak, with the heavy bob in our 
mechanical illustration, and the con- 
denser corresponds to the elastic spring. 
If we connect the plates of a condenser 
to the ends of an inductance coil, we 
make what is called an oscillation circuit. 


| 
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SIMPLE WIRELESS RECEIVING CIRCUIT 
Fig. 4. A receiving circuit for telephony com- 
prises an acrial wire, A, for catching the electric 
waves: an inductance coil, L, with sliding con- 
tacts, a, b, c on it; a condenser, C, of variable 
capacity; a rectifying detector or crystal, D, 
and a pair of head telephones, T; also an earth 
connexion, E, which may be the house water pipes 


We are now prepared to trace out in 
broad outline the course of events in a 
wireless telephone receiving circuit of a 
simple kind. This apparatus comprises 
four elements in its most simple form— 
viz. a receiving aerial, A, an oscillation 


circuit, L, C, a detector, D, or rectifier, 
and a telephone, T. (Fig. 4.) 

The aerial is a wire extending up into 
the air, against which the electric waves 
from the distant transmitting station 
strike. The result is to produce feeble 
high-frequency electric currents in it, or 
to-and-fro motions of its free electrons, 
which movements are an exact copy on 
a greatly reduced scale of the movements 
of the electrons in the transmitting wire, 
and pulsating in sympathy with them. 

The bottom end of this aerial is con- 
nected te one terminal of an inductance 
coil, which, in general, consists of a number 
of turns of enamel-covered copper wire 
wound in a single layer on an cbonite or 
card cylinder. The second terminal of 
this coil is connected to the earth or to 
the water pipes of the house. (Fig. 4.) 

In this coil there are then produced 
oscillations of electricity, or a high- 
frequency current, which is the same in 
its mode of variation as that in the aerial 
wire. A condenser then has its two plates 
connected to two points, e and b, on this 
coil, and either the condenser must be 
one of variable capacity or else one of 
the contacts between it and the inductance 
coil must be capable of being shifted so as 
to vary the inductance. The reason for 
this is that the oscillation circuit formed 
ofthe condenser and part of the inductance 
coil must be “ tuned ” so as to have the 
same frequency as the waves falling on the 
acrial. Also, the effective length of the 
coil, L, in series with the aerial, A, must 
be tuned to the frequency of the incident 
waves by shifting the contact point, c. 


Adjusting, or Tuning, the Circuit 


HUS, suppose we are listening-in to the 
London Broadcasting Station, 2 LO, 

and that the waves sent out have a wave- 
length of, say, 360 metres. Then the 
frequency of those waves is 300 million 
dividtd by 360, viz. 833,000 (nearly). 
Hence the condenser-inductance circuit 
must have its capacity and inductance 
adjusted to such values that this circuit 
has a natural frequency of oscillation of 
833,000. Also the aerial and inductance, 
L, must be tuned to the same frequency. 
When this is the case the fecble electrical 
impulses given to this acrial circuit by 
the electric waves will set it in vigorous 
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electric oscillations in the circuit com- 
posed of the capacity C and the effective 
inductance between the points a and b on 
the spiral, just as the spring and weight in 
our mechanical illustration could be set 
in vibration by feeble blows administered 
at a rate cqual to its own natural rate of 
vibration. 

These electric oscillations in the con- 
denser circuit are, however, alternating 
currents, and the function of the third 
element, viz., the detector, D, is to enable 
these very feeble oscillations to set in 
action some signal or sound-producing 
instrument such as a telephone receiver. 


How the Telephone Reproduces Sounds 


“HE details of a telephone receiver are 

described more fully elsewhere, but it 
may here be mentioned that it consists 
of a magnet having pieces of soft iron on 
its poles, around which are wound coils 
of insulated wire. In front of these pole 
pieces is a disk of thin stecl called the 
diaphragm, which is attracted and slightly 
cupped in by the magnetic attraction of 
the pole pieces. 

If an electric current passes through the 
coils it either strengthens or weakens 
this attraction, according to its direction. 
The sudden release or greater attraction 
of the diaphragm causes it to strike a 
blow to the adjacent air and starts an air 
Wave, to which our ears are sensitive as 
a sound. 

If, then, these currents 
through the telephone coils 
frequency or audio-frequency currents 
(that means having a frequency, say, 
between 100 and 10,000), the vibrating 
diaphragm will emit an audible sound. 
But our ears are not sensitive to aerial 
vibrations lying beyond about 20,000 in 
frequency, and, moreover, the inductance 
of the telephone coils offers a serious 
obstruction to the passage through them 
of currents of this very high frequency 


The Office cf the Detector 


[THE telephone receiver does not emit any 

sound, moreover, when its coils are 

traversed by a direct unvary:ng current, 

but only when the current rather suddenly 
changes in strength. 

Now, the object of the instrument called 

a detector is to convert the extremely 


rapid alternating currents or electric 


circulating 
are low- 


oscillations in the condenser-inductance 
circuit of the wireless receiver into the 
kind of circuit which can be detected by 
a telephone. 


For this purpose we require some 
apparatus which will convert very rapid 
to and fro, or alternating, electric currents 
into currents flowing in one direction. 
Such appliances are called rectifiers, and 
one commonly used form is called a crystal 
detector. Certain crystals and other 
conductors and contacts between different 
substances possess the curious property 
of allowing electricity to move through 
them more easily in one direction than in 
the opposite. They act like valves in a 
pipe to air or liquids. One such conductor 
is a crystal of carborundum, which is a 
carbide of silicon made in electric furnaces, 
Another is a contact between a copper or 
gold wire tip and a piece of galena or 
sulphide of lead. A third is a device 
called a thermionic valve. 

Let us suppose a simple galena crystal 
and cat’s-whisker copper or geld wire is 
employed. This is joined in series witt the 
telephone receiver, and the two are con- 
nected to the terminals cf the condenser 
of the oscillation circuit (see Fig. 4). When 
the electric oscillations take place in the 
condenser circuit the plates of the latter 
become charged alternately positive and 
negative. This means that each plate has 
alternately a deficit and an excess of 
electrons. 


Speech Transmission through the Crystat 


\W HEN one plate is charged, say, with 
an excess of electrons, the crystal 
permits some to flow through the telephone 
coils, but when it is charged in the oppo- 
site wav the crystal does not allow the 
electrons to return through the telephone 
coil. The latter is then traversed by 
gushes of unidirectional electric current. 
To understand the manner in which 
speech is transmitted the reader should 
bear in mind that at the transmitting 
station there are arrangements (elsewhere 
described) for producing in the transmitting 
aerial, in the first place, a steady flow of 
high-frequency electric oscillations which 
causes the emission of a steady stream of 
electric waves of constant wave-length 
and amplitude or height or intensity. 
These are called the carrier waves. 
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In addition, there are special means by 
which the voice of a speaker or the sound 
of musical instruments alters the height 
or amplitude of these waves in accordance 
with the changes in air pressure of the 
sound waves made. 

Consider, then, the result upon the 
receiving apparatus. As long as the 
transmitter is sending out the unaltered 
carrier waves of constant amplitude, these 
will produce corresponding steady electric 
oscillations in every co-tuned receiving 
aerial and = receiving circuit, 
rectifying crystal or detector will therefore 
pass through the receiving telephone 
merely a unidirectional clectric current 
of unvarying strength. This will preduce 
no sound in the telephone. 

If, however, by speech or music at the 
transmitting station the amplitude or 
height of the carricr waves is altered 
correspondingly to the air pressure of the 
sound waves, then the unidirectional 
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THE AERIAL BY MEANS OF WHICH MUSIC AND SPEECH 


current through the receiving telephone 
will alter or change in the same manner, 
and the receiving telephone will therefore 
reproduce the sounds made at the trans- 
mitter station, 

It will be seen that when a simple crystal 
detector is used or a plain rectifying 
thermionic valve (see Fleming Valve}, the 
encrgy which is conveyed to the telephone 
is only the equivalent of that which is 
given up by the electric waves falling on 
the receiving acrial. There arc, however, 
many forms of so-called amplifying ther- 
mionic valves in use in which additional 
energy is supplied by ‘a local battery so 
that the energy is increased (see Ther- 
mionic Valvc). The important and master- 
tool for this purpose is the appliance called 
a three-electrode thermionic valve, which 
can act not only as a detector or rectifier 
of electric oscillations, but also as a mag- 
nifier or amplifier of clectric oscillations 
or varying e:ectric currents. 
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IS BROADCASTED 


This great aerial, known as the T type of cage aerial, sends out the messages from the Birmingham 


broadcasting station. 


It is strung between the chimney stacks of the electric generation station, 
whence the Birmingham wireless waves are transmitted 


Photo Gilbert A, R, Palmer 


